Recombinant protein expression plasmids optimized for industrial E. coli fermentation and plant systems produce biologically active human insulin-like growth factor-1 in transgenic rice and tobacco plants.
Human insulin-like growth factor-1 (hIGF-1) is a growth factor with clinical significance in medicine. The therapeutic potential of recombinant hIGF-1 (rthIGF-1) stems from the fact that hIGF-1 resembles insulin in many aspects of physiology. The expression of hIGF-1 in transgenic tobacco and rice plants using different expression cassettes is reported here. In the present study, two coding sequences were tested, one with the original human sequence, but partially optimized for expression in E. coli and the other with a plant-codon-optimized sequence that was expected to give a higher level of expression in plant systems. Three different hIGF-1 recombinant expression constructs were generated. All expression constructs utilized the maize ubiquitin 1 promoter with or without a signal sequence. Analyses conducted using a hIGF-1 specific ELISA kit showed all transgenic plants produced hIGF-1 and the accumulated hIGF-1 increased from the E. coli codon bias to higher levels when the hIGF-1 coding sequence was codon-optimized to match that of the maize zeamatin protein--the most transcribed gene in maize endosperm suspension cells. Further analyses that compared the functionality of the bacterial signal peptide Lam B in plants showed that this leader peptide led to lower expression levels when compared to transgenic plants that did not contain this sequence. This indicated that this expression construct was functional without removal of the bacterial signal sequence. The maize ubiquitin 1 promoter was found to be more active in rice plants than tobacco plants indicating that in this case, there was a class preference that was biased towards a monocot host. Biological analyses conducted using protein extracts from transgenic plants showed that the rthIGF-1 was effective in stimulating the in vitro growth and proliferation of human SH-SY5Y neuroblastoma cells. This indicated that the plant-produced rthIGF-1 was stable and biologically active. As some plants have been reported to express an endogenous insulin-like protein, we also looked for any effect of the human growth factor in transgenic plants, but no developmental or morphological differences with wild type tobacco or rice plants were detected. Since insulin and hIGF-1 share some overlapping roles, hIGF-1 may become a substitute therapeutic agent in subjects with certain defects in their insulin receptor signaling. Hence, if the full beneficial potential of rthIGF-1 is achieved, it is expected that in the future the demand will likely increase significantly.